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ʳĝSH,M&4ʳĝƀǧÖ˷ζ˯#P2OѼ9ѽùÀ9Ѣƽʖ4ÔȌ
7Ÿ1,ÍȚύІ7LP;ѳ7ŎDPOɾѥ͗ǹϸʳģSϭʳĥ#(O
!4&6R.ǹϸʳģÑ¦&Ŏġ˦ȍ7Ư$29Ö˷̌˯ɪǮ#P
ɮ̶̡v 4$2ļN͜F!47$, 
 
1-2ҁ̆ġ̶̡9ʇʫ  
1-2-1ҁɔɮ7Ŏġƞȍ4̆ġ̶̡9ģŋ  
̆ġ9ƞȍϜɽ4ëǜ1N9,G9̆ġŨǵșʭ7и&O̶̡9̆ġϜ 
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ɽ̶̡ˮ7LN¡ΠŲŶÒʟ 15-65ʕ9˼Ƒ 4000ŊSƯϥ7$,̆ġƞȍϜ
ɽ9͞ɸɦĢŨ͂Ϳ 3,015Ŋ9 59.1ѻ̆ġSȌ%2N*9 35.8 %: 6
ɥÈ¥ͤȎȄ̏6̆ġ9ΛτSŨ͂$, (10)D,ȎȄ̆ġρMPO
À9īɆЄ:ÖʆΊĝÑ¦$2O4Ũ͂$2N!PM9Ɇç7Ÿ1
4ɔɮ9͝ʾȹƍ:Ǔз 1.2øĄ7¥O49źőHO (11)2012ǓȎȄ
̆ġ̉æ͹9ƞȍϜɽ4Ɵυ̏ϐɍʭ9ʅϑ4ɞĹ̶̡ˮŉ¡Ųħ3̆
ġƞȍϜɽSƞɐ$,͞ɸ1999Ǔ9ù9Ϝɽ4ŉʉ9ðŋ3/,!4Sź
ő$2O (12) 
1988Ǔ͋ Ů̇̈Ư̓mq ѼCenters for disease control and prevention; CDCѽ
9 HolmesM7LNȎȄ̆ġ̉æ͹Ѽchronic fatigue syndrome: CFSѽ9̇̈ʇ
Ȁźő#P, (13)ȎȄ̆ġ̉æ͹4:ëǜ7˵ʳ$2,Àĵũ9ɘ
M36ˍ$þϸèȂȌ7οRPǧǙ9̆ġȌ4Ā7͎̩̩̉͝˦65
дɪ7ͤëþ6̨Ì˵ʳЉP66Ȯȇ4 CDC7LNƝͺ#P2
O (14)̇ ȇ9ʇȀȴś#P2ÈнV^-36^zrXak
yXukYZ w65Ƈ9Ů72 CFS̉Ù9ƙűźő#P̈
ȍ9χɘIϐɍʩ̊ʭ9ж̌ВGMP2,ɬ-7ʩ̊ʭ:̥̺#P
26ɔɮ39̆ġ̶̡:1990ǓÆǰī7ȎȄ̆ġ̉æ͹9ƙűƝЬ
ĥ#P2Èн̶̡̒T76/2,̆ġũƗ9χɘ7ŋ2:ɔǐ˵
ʳ̣ͧ&OL6ǧǙ9̆ġ˦ȍ7O CFS ȇͿ4ëǐÀ49ƯʝSϓEO
O:ɓ7O̶̡њŶSŸ˓4$2̆ġSȫO4̶̡Ȕ̂4MP
2,̆ġ9ʎǗχɘĹ=̆ġƝЬĥS̔Ȫ$,̶̡:ƇɏёMВGMP
2NЄǓ̆ġƚδё3HƝͺ#POL76/2, 
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1-2-2. ̆ġ7Ư&Oɮ̶̡9V s  
 ̆ġ4:ЖǙ9΀Ô̏L=͎̩̏ʳģD,:̇̈7L/2˵%,˧˥9
§ǿȌ4Ëѥ9џɨSÎϸÔ9ʳģΊĝ9ʿЈ˦ȍ3NΛ̌̏7ʳģ
жƓO:ͥȩ36ϸÔʳģΊÑ¦$,˦ȍ4#P2OѼ15, 16ѽ
ƞч7ȓ:Λϸ9ʳģΊĝ9Ñ¦4Ā7§ǿȌ9ƀǑȊʐŠƍĹ=̚
ʠ9ϗ̌4/,ǹ˱˦ȍ9ƄĥSΛτ$̆ġSϖϡ&Oɮ̶̡3:ѳ
-$9̆ġ7¨OǬєSϸÔʳģΊ4*P7Åц&Oǹ˱˦ȍ9¹ɏŋM
ʅϑSϓE,Ѽζ 1-1ѽ̾ 2̻4̾ 3̻3:ģˤwS˷2ѳ-$
ɭʂ͜Ͳ4¬ɹ͜Ͳ9*P+PS®4$,ϸÔʳģΊ7¨OǬєĹ=*9Ö
˷̌˯7и$2ʅϋ$,*9ǰ̾ 4̻3:ǹ˱˦ȍ9Ƅĥ7˗˓S͟N
xSƯϥ7ѳ-$9ǬєSʅϋ$,͞ɸSІ@O 
 
1-3ҁɮ̶̡9̔̏4ʈȒ  
ɮ̶̡:ɬ-χʦ#P26̆ġ4̨Ìϛѝ7Ư$2ɔǐ9Ѣ3
9χʦŀΊȄSȰO!4S̔Ȫ$ѳ-$9̆ġ7Ư&OǬєSχɘ&O!4
S̔̏4$,̾¡7ϸÔʳģΊ7¨OǬєSɭʂ4¬ɹ9υ˓Mʅϋ
$,D'ɭʂ͜ͲS¬ǹ4$,ʳģ7и$2:ѭʁ́ʎΊS®4$,ϸ
ÔʳģЬ9ƄĥSϒÝ$[}a ˶˵7̜̔$,ʎǗ̌˯SȲ˂$,ʏ
7¬ɹ͜Ͳ3OΎ9ʳģΊ7и$2:ϖ̟ύȑΊ9Ƅĥ4$2ϒÝ$,
̾¹7ϸÔʳģΊ9Ñ¦7Î˵%O!4̟MP2ŎġиА̉˦Ĺ=
ǹ˱˦ȍ7¨OǬєSϒÝ$,ɤǰ7ѳ-$7$2ȟ̆ġÖ˷S
̌˯$2Oɭʂ4¬ɹ9υ˓MͩŇ̏7ŀΊȄSϞ%, 
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̾ 2̻ ѳ-$9ϸÔʳģΊ7¨OǬє4*9ʎǗχɶ  
 
2-1. ̔̏  
̆ġ4:Λ̌̏7ʳģжƓO:ͥȩ36ϸÔʳģΊÑ¦$,
˦ȍ4Ɲͺ#P2O&6R.ѳ-$9̆ġ7Ư&OǬєSʅϑ&O7:
ʳģ9ȩͤO:ʳģÑ¦˦ȍM9Ũǵ4¹09σ˓Ǻπ3
Oɮ̻3:*P+P7К$,ģˤwSМƝ$ϸÔʳģΊ7¨OǬ
єSϒÝ$D,*9Ƅĥ9πũ702ȰO!4H̔Ȫ$, 
ǧēДʱw:ʡ9ʴP7ЊM/2ʱ4Yk9ͼȄSĒ˷$
ʴʡɱÊ¦39ДʱʳģSȩͤ$,ɜзSϸÔʳģΊ4Đɍ&OɮϒÝ͐:
ģˤ39γģϒÝ3$;$;ϛѝ46Oą˯Ȅûɧ#P2O4#PϸÔ
ʳģЬ7ǬєS¨Oѳ-$9Ʀ¨ȒČ͹9͟N!E7HК˷ŀΊ6ϒÝ͐4
;ʳģȩͤ7̜̔$,ϸÔʳģΊ9ϒÝ4$2МƝ$,ÄɏÑʳģ˦
ȍM9ʳģŨǵSϒÝ&O,G7:O¡Ɲ9ϸÔʳģSϧΦ$Λ̌̏
6γģЬÑ¦$,˦ȍSÖNċ&ǺπOɮʅϋ3:эģǠ9ŨϺϹ
ă39ϱγЕģSϧΦ$,ǰ¡Ɲɜзă7Λ̌̏7ʳģ$,ЬSÑʳģM
9Ũǵ4$2ϒÝ&OǧēʓγwS˷,ϸÔʳģ7:ʳģȩͤ9,
G9[}a Û͠Ǻљ3O!4Mѳ-$Ȟ¨ǰ9[}a ÆϠ9
ƄĥHχɶ4$, 
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2-2ҁɯɌ4ɏʭ  
2-2-1. ģˤ  
ȟ̆ġÖ˷9ʅϑĹ=ʎǗχɶ7:ɔɮs l ɿǠĮ̀LN
ϯý$, 5БѺщȄ CD2F1YkS˷,ơˁ 23 ± 2˄Ǚ 55 ± 15ѻ12
ɜзʛ9ɘɠgXbɱÊ¦72Ѥ·$,ϸÔʳģΊ7¨OǬєSϒÝ&
O,G9ǧēДʱw4ǧēʓγw39ʅϋ:ɘɪ 7:00 a.m.-7:00 p.m.
ɱÊ¦9ɘɪ 9:00-13:007ƞɐ$,θѬˤϮ9[}a ÆϠ?9ǬєϒÝ9
,G7γ/,Ŕʠ_kϒÝ3:ɠɪ 7:00 a.m.-7:00 p.m.ɱÊ¦ɠɪ 7:00-14:00
7ƞɐ$,ģˤ:d j72Ѥ·$ѣɌʡSΛ˹7Ⱥļ#(AIN-93G
Ѽ][qЦʚǆʆɿǠĮ̀ѽSΛ˹ȺѢ#(,þ29ģˤƞѬ:œ
9͗ɿǠĮ̀9ģˤƞѬé˱ςƝ7ǲƞɐ$, 
 
2-2-2. θѬˤϮ  
 ѳ΀Sǆʆ̏7˞ʡȣċ$*9ȣċˤSĉ͞µ˟$ų¡76OL7͌
̢$,͌ɭS-253áͅ$Ø˷9Ǚ7̔̏9ˎǙ7Ϝμ$,ѳ-$:41ѻ
qbϮO:sy23ѻДыV~Ч12ѻɦʎЧ5ѻ
}0.6ѻʀЧ3ʈȒ#P2OѼζ 2-1ѽqbϮĹ=sy:6 
N ŽЧɱÊ¦1203 24 ɜз9ĞʡČχǰ9ДыV~ЧЬMѐĞʡČχ
ɜ9ДыV~ЧЬSǈ$ǡ,Ь4$2̈́ċ$,ДыV~Ч:V~
ЧČɶʎ L-8500ѼɿǠĮ̀ɔ̺μÖȘѽ9˵ÔV~ЧČɶ y72Čɶ$
,ɦʎЧ4ʀЧ:ʸÔbxc L-7000ѼɿǠĮ̀ɔ̺μÖȘѽ3˂
Ɲ$,}:ːĥǰ7ĵƗŏúČɶʎ SAS760ѼmXf Xkuɿ
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ǠĮ̀ѽ72˂Ɲ$, 
 ČƗЬ9ƈ#7LNѳ-$S 309Č˾ˤ7Ϝμ$,ČƗЬ 1000È¦
Č˾ˤѼLMF; Low molecular weight fractionѽ:V~ЧɦʎЧʀЧ}
Ĺ=ÑČƗЬsySŎEČƗЬ 1000-6000 Č˾ˤѼMMF; Medium 
molecular weight fractionѽ:syĹ=qbϮSŎEČƗЬ 6000È¥9
ѯČƗЬČ˾ˤѼHMF; High molecular weight fractionѽ:qbϮĹ=ξƄˤ
Ϯ659ѯČƗЬÔSŎEņ63.725.910.4% 9ěŇ3ѳ-$SʈȒ$
2OČ˾9șј4$2:D'ČƗЬgXl 6000 9Č˾Η NTU3250-C1R
ѼɔɳэǆɿǠĮ̀ѽS˷2MMF4 LMFSŎFČƗЬ 6000È¦9ȒČ͹
4HMF7Č,ʏ7MMF4LMFʼŇˈʸSČƗЬ10009Č˾ΗPrep/Scale 
TFF6 ѼbɿǠĮ̀ѽS˷2MMF4 LMF9 2˾Č7$,ѳ-$S 3
˾Č7Ϝμ$,ǰMMF 4 HMF ¬7ДыV~ЧɦʎЧ}ʀЧ
ʗ/26!4S̥ϖ$,Ѽζ 2-1ѽƵLMF:Č˾7LNѯŏ˄ȄS
ɦ&O´Чˎͯ#P,͞ɸĉ͞µ˟7LO͌ɭĥ§ŀΊ3/,,G
ˈʸ4$2-253áƙ$,MMF4HMF:Č˾ǰĉ͞µ˟7LN͌ɭĥ$
-253áƙ$, 
 
2-2-3. ǧēДʱw7Oѳ-$9ϸÔʳģΊ7¨OǬє  
2-2-3-1. ДʱɜзSȪʋ4$,ϒÝ  
 ѳ-$4*9Č˾ˤ9ϸÔʳģЬ7¨OǬєSϒÝ&O,G7¿ƈɴö
ǠЕģЬ˂ƝʴʡʊѼŬ 2-1ɦоĮ̀V{vtbÈ¦ʴʡʊ4ζύѽS˷
,ɮκ͵: 90 × 45 × 45 cm9Vbʍ΋μ3ʡSýPO4Ƕ˳7
 12 
LNʴʡ˦ȍSÖN-&!43OѼ17, 18ѽ¡А9ϒÝSЍ%2ʡ9ʺ
#S 38 cmʡˁS 34 ± 0.5 7á/,ʴ P7ЊM/2ʱ4Yk9ͼ
ȄSĒ˷$Дʱо˿SϸÔʳģΊĝ4Đɍ&OϒÝ͐3OÄ9ϒÝ͐L
NHѯą˯ȄSɦ&O!4HN!PD37Hʉ6ĥŇˤ9ϸÔʳģΊ
ĝ9ϒÝ7ØRP2OѼ19-21ѽДʱѫĥS̔̏4$2Û͠ʡЬ 6 L/min ɱ
Ê¦725Бѹ9Yk7Ư$21Ũ 20Č1Бз7 2Ũ9Дʱx {
cSƞɐ$,Дʱx {cǰ¡Ɲ9Û͠ʡЬ¦72о˿ДʱɜзS 1
ɔ7 3Ũ˂Ɲ$*9͞ɸ7Ÿ13Ũ9о˿Дʱɜз9;M0ƴ6
äÔ0ъŪ4$2;M0ƴ66OL7ϓѬ7Û&OäÔSМȠ
$,Ѽ22ѽYk9Ѹù 7̯È¥ʡё¦7ʧT-ɜ˓SϸÔʳģ9о˿4Đ
Ɲ$*9ɜ˓3YkSǡ¥ , 
ѳ-$S 0.43 g/kgѼYk9ÔЪ 1 kg,N 0.43 g 9ѳ-$SȺļ&OL
7Ù; 25 g 9Yk7: 10.8 mg9ѳ-$Ⱥļ7̗Ǩ&OL7ˎǙϜμ
$,ˈʸSȞ¨ѽ0.86 g/kg1.72 g/kgO:ˈƕ9Ϋ́ʡS 20 ml/kgѼY
k 1 kg,N 20 mlSȞ¨&6R. 25 g 9Yk7: 0.5 mlЬSȞ¨ѽS
pwS˷2Yk7͝ľȞ¨$60 ČǰДʱЕģSϧΦ$о˿Дʱɜ
зS˂Ɲ$,!9͞ɸ7Ÿ1ѳ-$9Č˾ˤ LMFMMFĹ= HMFH 0.86 
g/kg76OL7 20 ml/kgЬSȞ¨$,ЕģϧΦɱÊ4$2:͒ 10Č3о
˿ʳģɜз76OL6ʴЎ 10 L/minSώƝ$,Ѽ17ѽþ29ϒÝ:ɔăƄ
ģSОO,G7ɘɪ 10:00-15:009з7ƞɐ$, 
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2-2-3-2. LMFЕģ¬9[}a ÆϠ7¨OǬє  
Еģɜ7:ЕģǧǙ4Еģɜз7LN[}a Û͠ˆ̄6OLMF 
Еģ¬9ÆϠ7¨OǬєSϒÝ&O,G730 ČB59ʳģŀΊ6Еģϧ
ΦɱÊ4$2Û͠ʡЬS 8 L/min7ώƝ$,Еģ¬9͏Ϯ΋ϮÆϠƄĥS˂
Ɲ&Oė7LMF 0.86 g/kg O:ˈƕȞ¨͹9о˿ДʱɜзS˂Ɲ$ÆϠ
ϒÝ9ĸ;4$,*9͞ɸ7Ÿ1ˈƕȞ¨͹3: 15 Č4 30 ČǰLMF
Ȟ¨͹3: 15Č30Č40Č50Čǰ7*P+P9βʸ4́΀SŨĻ$,
ņɜ˓72:Yk9ДʱЕģS¬ɍ$[ vѷФɱÊ¦72ΔТƈ
яΌLNȯβSγβʽSČļ$,D,ȯβ͛¶ǰǇŃǰ΃9ΑΔ́
4ƈΈSȻċ$ʸÔ̹͗72ȃЎĉ͞ǰ˂ƝD3 -80 72áƙ$, 
βʽ¬9Ды΋ΆЧѼb{Xx NEFAϓί̵ʡwW^μѽdx
ÔѼ] xf ͩdxÔŖú͕ίǆʆμѽĹ=xcmyѼmv
tb TG-Lmvtbμѽ:Ƴŵ˵ĥƚΛģČɶκ͵ 7070 ŵѼɔ̺μÖȘ
μѽ72Čɶ$,́΀¬9´Ч4 ATP9˂Ɲ:ʸÔ̹͗3ćĲ$,´бă
7ĉ͞$,́΀SýPʸÔ̹͗¦3&N0>$͜ͲЪЬ9͒ 3åЬ9 6%Ж
Ž͗Ч4ʼŇǰрqb$,¥ʽ3˂Ɲ$,´ЧŎЬ:´ЧS
Ч7Чĥ#(ŉɜ7{fsVyVw{j|b]syѼNADѽSП
ö#(OĺǾĵ˱SĒ˷$,Ц͗ʭ72˂Ɲ$,19 NAD:ƙű&O
´Ч7ƯǾ$2 1 9 NADH 7Ƅȵ#PO,GNADH 9ŏĻʮд 340 nm
39ŏúǙS˂Ɲ$´ЧˎǙS̈́ċ$,Ѽ23, 24ѽATPŎЬ:ѯȌǙ ATP˂
Ɲ`txѼBiaffin GmbH & Co KGѽ72˂Ɲ$,Еģ¬9ÆϠϒÝ9,G9
ДʱЕģ:ɔăƄģSОO,G7ɘɪ 10:00-15:007ƞɐ$, 
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2-2-4. ǧēʓγϒÝ͐7Oѳ-$9ÑʳģЬ˦ȍ7¨OǬє  
 ¡Ɲ9ϸÔʳģϧΦǰϸÔʳģ9Ũǵ9̲ǙSΛ̌γģЬ3ϒÝ$,Ѽ25, 
26ѽ͒ 20Ħ9YkS 3.3 m/min9ЎǙ3 3ɜзэģǠŨϺϹă3ǧē̏7
ʓγ&OL7ЕģSϧΦ$ѼŬ 2-2ѽ*9ǰѳ-$Č˾ˤ HMFMMF
LMFS 0.86 g/kg76OL7 20 ml/kgSƯ˛͹7:ˈƕ9Ϋ́ʡ 20 ml/kgS
pw3Ȟ¨$,Ȟ¨ǰƆТѓ9ǬєSĽ6͆9¬7YkS 1 Ħ'
0ýP,d jS͵d j¥Т7ώ͵$,ϰƆͪmg ѼDAS system
{ gX[kμѽ7LNd jă9Yk9γģЬS˂Ɲ$,˂Ɲ
κ͵ă7ýP,ɤď9 15 Čз:Ɏ˳ſ?9ѫĥɜз4$ѫĥǰM 60 Čз
9γģЬSχɶƯϥ4$,ɔăƄģS#O,G7ɘɪ 8:30-17:309з7γ
/, 
 
2-2-5. ѳ-$Ȟ¨ǰ9Ŕʠ_k˂Ɲ  
 ѳ-$Ȟ¨˵Ô9[}a ÆϠ7¨OǬєSȲƝ&O!4S̔̏7
ƛяɱÊ¦72Ŕʠ_kSČɶ$,Ŕʠ_kČɶ:ѐÞο̏7[}a 
ÆϠSϒÝ3O!4M~tbVYxYk9þϸȄ9ÆϠƄĥ9ʅϑI
ĥŇˤȺļ7LOÆϠƄĥ9χɘ7˷MP2,Ѽ27, 28ѽ˵ÔŔʠ_kČ
ɶκ͵:˂ƝƯϥ9ģˤSýPO[}a ÆϠϊ˂s 
ѼMCH-121524w12 × 15 × 24 cm9ЋɘVbʍ΋μѽ˵Ô_kČɶ
˷ϮЬČɶʎѼRL-600wѽ_kg ѼANI6-A-SѽĹ=ϊ˂ēǴ
ofMʈȒ#P2OѼŬ 2-3κ͵:Vfikv̨μѽŔʠ4ŏʠ
¬9Ч͗_kˎǙ4˒Ч_kˎǙMÈ¦9̈́ċǠ7ĕNЧ͗ʷϫЬ4Ŕ
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ŏŜĹ=Ôă3Чĥ#P,΋ϮĹ=͏Ϯ9ЬSȲƝ$,Ѽ18ѽ 
҄̈́ċǠ҆ 
! Ч͗ʷϫЬ VO2 ҅Ѽ̷ʠ¬ O2ˎǙ  Ŕʠ O2ˎǙѽ× ЉʠʴЬ × ɜз 
! ¹Чĥ˒͗ȮċЬ VCO2 ҅ѼŔʠ CO2ˎǙ ̷ʠ¬ CO2ˎǙѽ× ЉʠʴЬ × ɜз 
! ŔŏŜ ҅ ¹Чĥ˒͗ȮċЬ VCO2 	 Ч͗ʷϫЬ VO2 
! ͏ϮЧĥЬ ҅Ѽ4.51 × ŔŏŜ - 3.18ѽ× VO2 
! ΋ϮЧĥЬ ҅ 1.67 × (1  ŔŏŜ) × VO2 
 äÔз9ѢѦȺļ9;M0SȮр&O,G7ɠɪ 7:00-11:009 4ɜз9E
3ѢѦSȺO!4SYk7όͭ$,˂Ɲκ͵ă7YkSýPŔʠ_k
S˂Ɲ$6M͒ 2ɜзǰLMFS 0.86 g/kgO:ˈƕS 20 ml/kgȞ¨$
*9ǰHАͤ$2 200 Čз˂Ɲ$,ϊ˂s 7:¡ƝʴЬ9̷ʠЉ
NЃDP͝ɜ̏7Yk9ŔʠSŨĻ$ʡČрķǰ7ϮЬČɶʎ72Ч͗
_kˎǙ4¹Чĥ˒͗_kˎǙ̈́ċ#POΛ̌γģЬƄĥ7LOÆϠ?9
ǬєSр,GΛ̌γģЬ¡ɜ̏7¥ɖ&O!4Č/2Oɠɪ͛¶ 2
ɜзėD3˂Ɲ$, 
 
2-2-6. ͡ϊχɶ  
þ29˂Ɲç:ǒųç ± ʋˇϙǈ3̦$,ˈƕ͹4ѳ-$Ȟ¨͹Ѽ0.43 
g/kg0.86 g/kg1.72 g/kgѽO:ˈƕ͹4ѳ-$Č˾ ѼˤLMFMMFHMF
͹ѽ49Дʱɜз9ǈ̄:ˈƕ͹SƯ˛4$2¡öУ͵ČɅČɶ39 Dunnett
ʅƝ3ϒÝ$,ˈƕ͹4 LMFȞ¨͹9 2͹з7O͏Ϯ΋ϮÆϠиАȪ
ʋ9ǈ̄:t-test 7LNχɶ$,Ч͗ʷϫЬ͏ϮЧĥЬĹ=΋ϮЧĥЬ
 16 
:ɜз4θѬˤϮ7LO¹öУ͵ČɅČɶ3ϒÝ$*9ǰŉ¡ɜз39
ǈ̄S t-test7LNχɶ$,χɶ7:StatView5.0oxѼSAS Institutęμѽ
SØ˷$'P9χɶ72HɦȊʡˇSıуˬ 5ѻÈ¦4$, 
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2-3. ͞ɸ  
2-3-1. ѳ-$ϸÔʳģ9ͣͤ7¨OǬє  
 ϸÔʳģ9ͣͤ4υ˓Mѳ-$4*9Č˾ˤ9Ö˷SǧēДʱw
72ϒÝ$,ˈƕ 20 ml/kgȞ¨͹4ѳ-$ 0.43 g/kg0.86 g/kg1.73 g/kg
Ȟ¨͹9о˿ДʱɜзS˂Ɲ$,͞ɸ*P+P 9.1 ± 0.8Č11.0 ± 0.9Č12.1 
± 1.0Č12.0 ± 1.0ČȘ$ѳ-$ 0.86 g/kgȞ¨͹4 1.73 g/kgȞ¨͹3:ˈ
ƕ͹LNHɦȊ6Дʱɜз9дɪĥȘ$,ѼŬ 2-4ѽѳ-$:ʉ6ȒČS
Ŏɦ$2O,G59ȒČ͹ȩ¯ĝǞд7Ʀ¨$2OSɘM7&O
,G7ČƗЬ7LN 309˾ČSϜμ$ŉʉ9ϒÝ7Û$,ˈ ƕS 20 mL/kg
LMFMMFHMFS*P+P 0.86 g/kgS͝ľȞ¨$*9 60ČǰMо˿Д
ʱɜзS˂Ɲ$,*9͞ɸ*P+P 10.7 ± 1.0Č14.9 ± 1.3Č9.7 ± 0.8Č
9.7 ± 0.7ČȘ$MMF4 HMFSȞ¨#P,Yk:ˈƕSȞ¨#P,
Yk4ʝϼ$2ȩ¯ĝ9Ǟд:ρMP6/,LMFȞ¨͹3:Ư˛͹7Ư
$2ɦȊ6Дʱɜз9дɪĥ̥ϖ#P,Ѽp<0.05Ŭ 2-5ѽ 
  
2-3-2. ѳ-$ʳģÑ¦˦ȍ7¨OǬє  
 ϸÔʳģÑ¦˦ȍM9Ũǵ4υ˓Mǧēʓγw72ѳ-
$Ȟ¨Λ̌̏ʳģ7¨OǬєSϒÝ$,¡Ɲ9ϸÔʳģϧΦǰˈƕ 20 
ml/kgO:ѳ-$Č˾ˤ LMFMMFHMFS 0.86 g/kgȞ¨$ϸÔʳģ
9Ũǵ9̲ǙS*9ǰ9 60Čз9Λ̌γģЬ4$2ϒÝ$,*9͞ɸˈ ƕ
ѳ-$Č˾ˤ LMFMMFĹ= HMF9Λ̌γģЬ:*P+P 89.6 ± 18.4
203.9 ± 35.5108.7 ± 16.0Ĺ= 99.8 ± 15.9Ș$,ѼŬ 2-6ѽHMFO:
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MMFȞ¨7:ǧēʓγǰ9Λ̌γģЬ7ǬєS¨6/,LMF:ˈƕ
Ȟ¨7Ư$2ɦȊ7ѯçȘ$,Ѽp<0.01Ŭ 2-6ѽ 
 
2-3-3. ѳ-$ϸÔʳģ¬9ÆϠ7¨OǬє  
 ϸÔʳģ¬9͏Ϯ΋ϮÆϠƄĥS˂Ɲ&Oė7Û͠ʡЬS 8 L/min7ώƝ
$LMF 0.86 g/kg O:ˈƕȞ¨͹9о˿ДʱɜзSϒÝ$,*9͞ɸ
ˈƕ͹4LMF͹9о˿Дʱɜз:*P+P35.2 ± 1.5Č449.8 ± 3.3ČȘ$
LMFȞ¨͹:Ưϥ͹7Ư$2ɦȊ7ѯДʱɜзȘ$,Ѽp<0.01Ŭ 2-7ѽ 
!9͞ɸ7Ÿ1LMFO:ˈƕȞ¨ǰ9ЕģɱÊ¦72΋ϮÆϠ
иАȪʋ4$2βʽ¬9Ды΋ΆЧdxÔxcmyĹ=͏Ϯи
АȪʋ4$2́΀¬9´ЧATPŎЬS͝ɜ̏7˂Ɲ$,Ѽζ 2-2ѽЕģжƓ
15Čɜ˓3:LMF͹9́΀¬´Ч:ˈƕȞ¨͹7Ư$2ÑçȘ$βʽ¬
9Дʱ΋ΆЧ4dxÔĹ=́΀¬9 ATPЬ:ѯçȘ$,ЕģжƓ 30
Čǰɜ˓3:LMFȞ¨͹9βʽДы΋ΆЧ4βʽdxÔˈƕȞ¨͹7Ư
$2ѯçȘ$Ѽ*P+P p<0.1p<0.01ѽ́ ΀¬´ЧˎǙ:ɦȊ7ÑçȘ$
,Ѽp<0.05ѽD,ЕģжƓM 40Č4 50Čǰ9ɜ˓72H30Čɜ˓
9ðŋͥȩ#P2,́΀¬ ATPŎЬ:LMFȞ¨͹9Еģͣͤ¬9'
P9ɜ˓72HѯçȘ$,βʽxcmy:'P9ɜ˓7
2H 2͹з7ǈ̄:ρMP6/, 
 
2-3-4. ѳ-$ƛяɜÆϠ7¨OǬє  
 ѳ-$Ȟ¨ƛяɜÆϠ7¨OǬєSϒÝ&O,G7LMFO:ˈƕ
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Ȟ¨ǰ9Ŕʠ_kSČɶ$,¡ɔ9.ɠɪжƓ̖ǰ9 4 ɜз-3ѢѦ
S&O!4Sx {c$,ǰÔЪ7ǈċ6L7YkS 2 ͹7Č
,˂ Ɲɔ7:ɠɪжƓ9 7:00-10:3079EѢѦS¨,ǰ˂ Ɲκ͵7ý
P,*9 3ɜзǰˈƕ 20 ml/kgO: LMF0.86 g/kgS͝ľȞ¨$200
Čз9ŔʠS˂Ɲ$,Ч͗ʷϫЬ:ª͹Ā7Ȟ¨̖ǰ7¥ɖ$,Ǳ
7ʿƴ$ƛƝĥ$,θѬˤϮȞ¨ǰ9Ч͗ʷϫЬ:Ư˛͹7Ư$2 LMFȞ
¨͹ɦȊ7ѯçȘ$Ѽp<0.05ѽ˥7 22.5Č48.5Č172-204.5Č3ѯç3
/,ѼŬ 2-8ѽ͏ϮЧĥЬ7:Ư˛͹4 LMF͹з3ǈ:̥ϖ#P6/,
ѼŬ 2-9Aѽ΋ϮЧĥЬ3:Ȟ¨ǰM9˂ƝɜзSЍ%2LMF Ȟ¨͹:
Ư˛͹7Ư$2ɦȊ7ѯçȘ$,Ѽp<0.05ѽѳ-$Č˾ˤ LMF :Ȟ¨ǰ
29.0 Č74.5 Č120.0 ČĹ= 172-204.5 Č72ўΪ7΋ϮЧĥЬSƀ
Ğ#(O!4̥ϖ#P,ѼŬ 2-9Bѽ 
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2-4. ;Ƭ  
ɮ̻3:ѳ-$9ϸÔʳģ659\ k7Ư&OǬєS 309ģ
ˤϒÝ͐72ʅϋ$®π6È¦ 4˓9̟ρSǳ, 
1)  ѳ-$Ȟ¨:ϸÔʳģ9ȩͤɜзSǞд#(O 
2)  ѳ-$¬9ÑČƗ˾Č LMFϸÔʳģ9ȩͤ7Ʀ¨$2O 
3) ѳ-$¬9 LMFʳģÑ¦˦ȍM9ʳģŨǵSà& 
4)  ѳ-$¬9 LMF:ƛяɜ9΋ϮÆϠS½В&O 
 
ѳ-$9ϸÔʳģ7¨OǬєSʅϑ&O!4S̔̏7ϸÔʳģ9ȩͤ4
υ˓MǧēДʱϒÝ͐7OЕģȩͤɜзSʳģÑ¦ɜM9Λ̌
̏ʳģ9жƓ4˓Mǧēʓγǰ9Λ̌γģЬɆSϒÝ$, 
D'ѳ-$Ȟ¨ǰ9ϸÔʳģΊ7¨OǬєSǧēДʱw72ϒÝ$
,ѳ-$Ȟ¨ǰ9ДʱɜзSϒÝ$,͞ɸϸÔʳģȩͤɜзǞд&O!
4̥ϖ#P,ѼŬ 2-4ѽѳ-$¬7:V~ЧɦʎЧʀЧ}
syĹ=qbϮ̀9ȒČŎɦ#P2OɬŉƝȒČHƇ!4
MѼζ 2-1ѽѳ-$¬959ȒČ͹ϸÔʳģȩͤ7ĢɸŠȷ$2O
9ŉƝS̔̏7ѳ-$SČƗЬ7LNČ˾$, 3Č˾ˤLMFMMFHFM
SϜμ$,Ѽζ 2-1ѽLMF:V~ЧɦʎЧʀЧ}Ĺ=ČƗЬ
1000È¦9ÑČƗЬsySŎFMMF:ČƗЬ 1000-60009sy
O:,T<ϮMʈȒ#P2OHMF:ČƗЬ 6000È¥9,T<
ϮO:~Xj659ξƄˤϮMȒOѳ-$¬9 3Č˾ˤ9͜Ȓ
:LMF/MMF/HFM9ј7͒ 64/26/10%3O!PM9ѳ-$Č˾ˤSY
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k7*P+PŉЬȞ¨$ϸÔʳģ?9ǬєSʅϑ$,*9͞ɸMMFO
: HMFȞ¨͹:ˈ ƕȞ¨͹4BCŉ̀9о˿ДʱɜзȘ&!4Č/
,ѼŬ 2-5ѽ¡ɏLMFȞ¨͹:ˈƕȞ¨͹7Ư$2ɦȊ6Еģɜз9Ǟд
ϖGMP!9͞ɸ: LMF¬7ÕM9ʳȄȒČŎDP2O!4Șř
&Oʏ7¡ƝЕģϧΦǰ7Ñ¦$,Λ̌ʳģЬSѳ-$Ũǵ#(OS
ʅϑ&O,G7ǧēʓγw72ѳ-$ 3Č˾ˤSϒÝ$,ǧēʓγЕ
ģǰ7ŉЬ9 LMFMMFHMFSȞ¨$,͞ɸMMFȞ¨͹4 HMFȞ¨͹
3:ˈƕȞ¨͹4ƄRM6Λ̌γģЬȘ$,LMFȞ¨͹3:ˈƕȞ¨
͹7Ư$2ɦȊ6Λ̌γģЬ9Ũǵ̥ϖ#P,ѼŬ 2-6ѽ!9͞ɸ:LMF
˾ČΛ̌γģЬSŨǵ#(O!4Ș&ù9ǧēДʱw39͞ɸH
R(O4ѳ-$Ⱥļ:̆ġ˦ȍ7ΝNь$̆ġ˦ȍM9ŨǵSɕGO
!4̦ř#P, 
6)ѳ-$Ȟ¨7LNϸÔʳģͣͤ3O9ϸÔʳģ9ͣͤ7Ǻπ
6[}a Û͠SčNľ7ѳ-$ȺļЕģ¬Ĺ=ƛяɜ9[}a Æ
Ϡ7¨OǬєSϒÝ$,*9͞ɸLMFȞ¨͹:Ưϥ͹7Ư$2ɦȊ7ѯ
ДʱɜзȘ&!4ČNѼŬ 2-5ѽ!9!4: LMFϸÔʳģ9ͣͤ7
и¨&O!4Șř$,ʏ7LMFȺļǰ9ϸÔʳģ¬9ÆϠƄĥSϒÝ&
O,G715ČǰM͝ɜ̏7͏Ϯ΋ϮÆϠ9иАȪʋS˂Ɲ$,ˈƕȞ
¨9ЕģϧΦ͹3:ѐЕģ͹7Ư$2β¬Ды΋ΆЧĹ=dxÔˎǙ9¥
ɖρMPѼζ 2-2ѽ[}a ˆ4$2΋ϮĒ˷#P2O˦ȍ7O!
4Ș&ЕģжƓ 15Čɜ˓3:LMFȞ¨͹:Ư˛͹7Ư$2́΀¬´Ч
ÑçȘ$,*9ǰ9 30Čɜ˓3:LMFȞ¨͹72΋ϮÆϠȪʋ4
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#POβʽДы΋ΆЧ4βʽdxÔɦȊ7ѯçȘ&¡ɏ͏ϮÆϠȪʋ
9́΀¬´ЧÑçȘ$,LMFȞ¨͹3:ЕģжƓ 40Č4 50Čǰ7
2H 30Čɜ˓9΋ϮÆϠ½В9ðŋͥȩ#P́ ΀¬ ATPŎЬ:Еģͣͤ
¬9'P9ɜ˓72HѯçȘ$,!PM9͞ɸMLMFȞ¨ϸ
Ôʳģ¬9΋ϮĒ˷S½В&OŀΊȄ;MP, 
ǧēДʱw39ʅϋ:LMFȞ¨ 1ɜзǰ7жƓ$΋ϮĒ˷½В7L
Oʳģɜзȩͤ9ŀΊȄρċ#P,*H*H LMFȞ¨7LOƛяɜÆϠ
7Ư&OǬєSϜ@O,G7ƛяɱÊ¦7O LMFO:ˈƕȞ¨ǰ9
Ŕʠ_kSČɶ$,LMFȞ¨ 30ČǰĹ= 180Čǰ7Ч͗ʷϫЬ4΋ϮЧĥЬ
9ɦȊ6¥ɖS̥ϖ$¡ɏ3ŉɜзǏ39͏ϮЧĥЬ7Ƅĥ:ρMP6/
,LMFȞ¨7LNЧ͗ʷϫЬƀĞ$΋ϮĒ˷½В#PO!4ƛя
ɱÊ¦72H̦ř#P,ѼŬ 2-8Ŭ 2-9ѽLMF7:΋ϮΛÔ:Ŏɦ#P
2M' *PΛÔŸϮ46/2O!4:;7 &6R.ѳ-
$: LMF¬9ȒČSÃ$2˵Ô9΋ϮĒ˷S½В$ϸÔʳģȩͤO:Λ
̌̏ϸÔʳģ9ąж7Ǻπ6[}a ˶˵SƀĞ#(*9͞ɸ4$2ϸÔ
ʳģΊ9Ñ¦Sȝē$,!4Șř&O 
 
ɮ̻9ăƥ:È¦7L/2ÿζ$, 
Nozawa Y, Yamada K, Okabe Y, Ishizaki T, Kuroda M (2009) The anti-fatigue effects 
of the low-molecular-weight fraction of bonito extract in mice. Biological and 
Pharmaceutical Bulletin 32: 468-474  
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

 
  
 ČƗЬ9ƈ#7LNѳ-$SČƗЬ 6000È¥9ѯČƗЬ˾ČѼHMF; High 
molecular weight fractionѽČƗЬ 1000҈6000 9¬ČƗЬ˾ČѼMMF; Medium 
molecular weight fractionѽČƗЬ 1000È¦ѼLMF; Low molecular weight fractionѽ
9 307Č˾$, 
ζ 2-1. ѳ-$Ĺ=Č˾ˤ9ȒČ͜Ȓ 
0/-&#*/$$
-## )&*+ !&".  	 
 	
( *&*#    
*.#-&*#    
-$&*&*# 
   
., - $&*# 	   
 -*+.&*# 
   
-# /&*# 	   
2./&*#    
(0/ )&! !&"    
(2!&*# 	   
&./&"&*#   
 
.+(#0!&*# 	   
#0!&*#    
2.&*#    
#/%&+*&*#  
  
%#*2( ( *&*# 	   
-+(&*#    
#-&*# 	 
  
 0-&*#  

  
%-#+*&*#  
  
-2,/+,% *    
2-+.&*# 	   
 (&*# 	   
-$ *&! !&"
  !/&! !&"    
&*#- (.
 $*#.&0) 	 
  
+/ .&0)  	  
+"&0) 
 
  
Nucleic acids
Inosic acid    
-+/#&*+-0*'*+1*,#,/&"#. 
   
   HMF
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Ŭ 2-1. ЕģЬ˂Ɲʴʡʊ 
Ƕ˳7LNʡʊă7̞İ9L6ʴʡ˦ȍSÖN-& 
 
ѼɊ˪ 
ѼɊ˪ 17Mǡ˷ѽ 
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Ŭ 2-2. эģǠŨϺϹ7LOЕģϧΦ 
эģǠ9ЕģϧΦŨϺϹă7νɆĦ9YkSýPκ͵9ŨϺЎǙSЕģϧΦɱ
Ê4$2ώƝ$ϱγЕģSϧΦ$,3ɜзǰ7θѬˤϮSȞ¨$ƆТѓ9Ǭє
SĽ6͆ă7ώ͵#P,d jă7я͵$*9d jăS̱ģ$,ŨɆS
Yk9γģЬ4$2˂Ɲ$, 
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Ŭ 2-3. ģˤ˷[}a ÆϠ˂Ɲikv 
[}a ÆϠϊ˂s Ѽ12 × 15 × 24 cm9ЋɘVbʍ΋μѽ7Yk
S͵¡ƝʴЎ3̷ʠSЉNЃEƝɪ̏7*9ŔʠSĻъ$˵Ô_kČɶ˷
ϮЬČɶʎ72Ŕʠ4ŏʠ¬9Ч͗_kˎǙ4¹Чĥ˒Ч_kˎǙS˂Ɲ$,
 
??????????????????


!
	!


!
 


!

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Ŭ 2-4. ѳ-$Ȟ¨ǰ9ДʱЕģɜз 
ѳ-$ 0.43 g/kg0.86 g/kg1.72 g/kgO:ˈƕS͝ľȞ¨$60ČǰДʱЕ
ģSϧΦ$о˿ДʱɜзS˂Ɲ$,10 L/min 9Û͠ʡЬSǧǙЕģϧΦɱÊ4
$2ώƝ$,ǒųç ± ʋˇϙǈ (n=9)*҃p<0.053 control͹7Ư$2ɦȊǈ
N 
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Ŭ 2-5. ѳ-$Č˾ˤȞ¨ǰ9ДʱЕģɜз 
ѳ-$9Č˾ˤ LMFMMFHMFS 0.86 g/kgO:ˈƕ 20 ml/kgS͝ľȞ¨
$60ČǰДʱЕģSϧΦ$о˿ДʱɜзS˂Ɲ$,10 L/min9Û͠ʡЬ
SЕģϧΦɱÊ4$,ǒųç ± ʋˇϙǈ (n=7, 8)*҃p<0.053 control͹7Ư
$2ɦȊǈN 
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Ŭ 2-6. ʳģЬÑ¦˦ȍ7Ư&Oѳ-$Č˾ˤȞ¨ǰ9Λ̌γģЬ 
¡Ɲ9ʓγЕģϧΦǰѳ-$Č˾ˤ LMFMMFHMF S 0.86 g/kg O:ˈƕ
20 ml/kgS͝ľȞ¨$*9ǰ9 15-75Č9Λ̌γģЬSϸÔʳģ9Ũǵ9̲Ǚ4$
2ϒÝ$,ǒųç ± ʋˇϙǈ (n=20)*҃ p<0.013 control͹7Ư$2ɦȊǈN 
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Ŭ 2-7. ѳ-$Č˾ˤ LMFȞ¨ǰ9ДʱЕģɜз 
ѳ-$Č˾ˤ LMFS 0.86 g/kgO:ˈƕS 20 ml/kgS͝ľȞ¨$60ČǰДʱ
ЕģSϧΦ$о˿ДʱɜзS˂Ɲ$,8 L/min9Û͠ʡЬ9ǧǙЕģϧΦɱÊSώ
Ɲ$,ǒųç ± ʋˇϙǈ (n=9, 11)**҃p<0.013 control͹7Ư$2ɦȊǈN 
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Ŭ 2-8. ѳ-$Ȟ¨ǰ9Ч͗ʷϫЬƄĥ 
ѳ-$Č˾ˤ LMFO:ˈƕS͝ľȞ¨$ŔʠS˂Ɲ$,Ŕʠ¬9Ч͗ 
_kˎǙ˒Ч_kˎǙĹ=ȵʠЬMЧ͗ʷϫЬS̈́ċ$, 
ǒųç ± ʋˇϙǈ (n=12)*҃ p<0.05, **҃ p<0.013 control͹7Ư$2ɦȊǈN 
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Ŭ 2-9. ѳ-$Ȟ¨ǰ9͏Ϯ΋ϮЧĥЬƄĥ 
ѳ-$Č˾ˤ LMFO:ˈƕS͝ľȞ¨$ŔʠS˂Ɲ$,Ŕʠ¬9Ч͗ 
_kˎǙ˒Ч_kˎǙĹ=ȵʠЬMЧ͗ʷϫЬѼŬ 2-8ѽ4ŔŏŜS̈́ċ$ 
Ôă3Чĥ#P,͏ϮѼAѽ4΋ϮѼBѽ9ЬSȲƝ$,ǒųç ± ʋˇϙǈ (n=12)
NS: Not significant vs control͹#҃p<0.1, *҃p<0.05, **҃p<0.013 control͹7Ư$
2ɦȊǈN 
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ѳ-$Č˾ˤ LMFO:ˈƕȞ¨M 60ČǰÛ͠ʡЬ 8 L/min ɱÊ¦72Д
ʱЕģSϧΦ$ˈƕȞ¨Ѽcontrolѽ͹3: 15Č4 30Čǰѳ-$ÑČƗЬČ˾ˤ
ѼLMFѽ͹3: 15Č30Č40Č50Čǰ7ņäÔ9ЕģϧΦS¬ʑ$βʸĹ
=́΀Sȯļ$͏Ϯ΋ϮÆϠиАˤϮS˂Ɲ$,NEFAѼnon-esterified fatty 
acidѽ҃ Ды΋ΆЧKetone bodies҃dxÔTriglyceride҃xcmyMuscle 
lactic acid҃́΀ă´ЧMuscle ATP҃́΀ă ATP 
ǒųç ± ʋˇϙǈ (n=6-8)#҃p<0.1, *҃p<0.05, **҃p<0.013 control͹7Ư$2
ɦȊǈN 
ζ 2-2. LMFȞ¨ǰ9βʸ́΀¬9͏Ϯ΋ϮÆϠиАˤϮ9Ƅĥ 
503 ± 34 148 ± 10 56.0 ± 6.4 8.5 ± 1.2 0.44 ± 0.10
15min 806 ± 83 354 ± 21 60.7 ± 3.1 8.2 ± 0.9 0.34 ± 0.13
30min 738 ± 67 350 ± 42 44.8 ± 5.6 8.7 ± 1.3 0.33 ± 0.09
15min 737 ± 46 517 ± 96 55.8 ± 6.1 5.1 ± 0.8 * 0.55 ± 0.11
30min 958 ± 94 # 937 ± 129 ** 53.5 ± 4.8 5.5 ± 0.5 * 0.54 ± 0.09
40min 875 ± 66 482 ± 90 59.8 ± 6.4 5.9 ± 0.6 0.42 ± 0.08
50min 927 ± 86 397 ± 47 58.0 ± 5.4 5.9 ± 0.5 0.36 ± 0.07
Muscle ATP
µmol/g)
Control
LMF
NE
(Non exercise)
NEFA
(µEq/L)
Ketone bodies
 (µmol/L)
Triglyceride
mg/dL)
Muscle lactic acid
µmol/g)
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̾ 3̻ ѳ-$9¬ɹʎΊ7¨OǬє  
 
3-1. ̔̏  
À:Öʆ9ĢˬȄO:ύȑ659ΎʎΊ7LOʳģΊ9Ñ¦7LN
Λϸ̆ġ˦ȍ7O4ϖϡ&O!4Ƈ̾ 2 ̻3:ϸÔʳģΊ9¬3
H˥7[}a Û͠7̜̔$,ѭʁ́S®Ô4$,ʳģ7̜̔$,97Ư$
ɮ̻3:ϖ̟ύȑ9υ˓M¬ɹʎΊ7¨OǬє9ʅϑS̔̏4$,¬ɹ
ʎΊ?9ǬєSʅϋ&O,G9čNľSÕ7&@ѳ-$:ŉƝ#P2
OȒČ9¬3˥7ДыȍksjSƇŎɦ$!P:Ä9Ѣŗ͗ɯ7:
ρMP6˥Ǹ3O¬ɹʎΊʳģ7Ъπ6ǭěSɸ,&Ύă̩͝ÍЗˤϮ
kq:Ś¡ksjM˵ŇȒ#PO!4̟MP2N!PM
9̟ρ:ѳ-$Ȟ¨7LO¬ɹkq9˵˱ʳȄSɪǮ#(, 
̾¡7ѳ-$SYk7͝ľȞ¨$,ǰΎăkq9˶˵͙Ή3
O͇͞´ћʀSŎFσǖ¦Т¬9ksjĹ=kqˎǙSϜ@,ʏ
7 /ʔѠ9˥ȄSĒ˷$,ɎƏˤÔȰ͘γģ4 Y ƘŵЇϷ39Λ̌̏¾ɣ
γģSȪʋ7ϖ̟ύȑΊ7¨OǬєSϒÝ$,ѳ-$9Ö˷¬ɹk
q̩͐͝SÃ$2O9ʅϑ:kq˵ŇȒ7Ǻπ6ksj
w^`i nѼHDCѽ9лƣę3O
-]sksjѼFMHѽ
9ėȞ¨3ѳ-$9ϖ̟ύȑΊ7ƄĥH,M#PO53;Ƭ&O!
44$, 
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3-2. ɯɌ4ɏʭ  
3-2-1. Ø˷ģˤ  
щȄ 6 БѺ ddY YkSɔɮ[k[i ɿǠĮ̀Mϯý$1 Бз9·
îѤ·SγƞѬ7Û$,¸ė9ʅϋSЍ%2̾ 2 ̻9ģˤw4$
2Ø˷$, CD2F1щȄYk:ϖ̟ύȑϒÝ͐39ϒÝ7К#6γģȘ
$,!4Mɓź7Ÿ1 ddYщȄYkSМƝ$,ơˁ 23.2 ± 2˄Ǚ
55 ± 15ѻ12 ɜзʛ9ɘɠgXbѼɘɪ҃7:00 a.m.-7:00 p.m.ɠɪ҃7:00 
p.m.-7:00 a.m.ѽɱÊ¦72ģˤ7: AIN-93GѼ][qЦʚǆʆɿǠÌ
̨ѽ4ѣɌʡSΛ˹7Ⱥļ#(,*P+P9ģˤäÔ:νɆ9γģϓѬ7Û
&O!46Ø˷$þ29γģϒÝ: 9:00-13:007ƞɐ$,6ɮϓѬ:
œ9͗ɿǠĮ̀9ģˤƞѬé˱ςƝ7ǲƞɐ$, 
 
3-2-2. θѬˤϮ  
̾ 2̻4ŉʉ7-25 áͅ9ѳ-$͌ɭSΫ́ʡ7ˈχ$̔ ̏9ˎǙ7Ϝ
μ$2Ø˷$,̾ 2 ̻3ϸÔʳģЬ7Ư$2ǬєS¨O!4̥ϖ#P,
0.86 g/kg9Ȟ¨ЬSŸ˓7*9 1/2ЬĹ= 2åЬ9ѳ-$Ȟ¨ɜ9Ύăkq
ˎǙ7¨OǬєS¸ė7ʅϋ$ѳ-$9Ȟ¨ˎǙS 1.6 g/kg4ώƝ$,
ѳ-$ˈʸĹ=ˈƕ:pwS˷2Yk7͝ľȞ¨$, 
s]yȞ¨ʸ:s]yXЧѼTocris Cookson, Inc., USAѽ
S 0.3%^`ism zxY˵˱ѢŽʸ7ˈχ$s]
yŽŸ 2 mg/mL76OL7Ϝμ$10 ml/kgSΔΒă7Ȟ¨$,k
q H3Ȩȟί3Os]y:ƚͼύȑΊǧĥźő#P2O,G
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Ѽ29ѽģˤ39ϖ̟ʎΊϒÝ9jvWfx 4$,kf
Ȟ¨ʸ:kfΜĥʡ͗ЧŽѼTocris Cookson, Inc.ѽS˵˱ѢŽʸ7ˈ
χ$kfŽŸ 1 mg/kgS̐¦7Ȟ¨$,kf:fÖ
˷Ȅk^ĽƥÔȨȟί4$2̟MP2NѼ30, 31ѽƚͼύȑшƣSϲ
!#(O!4S̔̏7Ø˷$, jȞ¨ʸ: jŽЧŽѼSigma, 
USAѽSЧͬε˵˱ѢŽʡ (q^X]ɿǠĮ̀) 7ˈχ$0.5 mmol/kg
SΔΒă7Ȟ¨$,kqÆϠˤ3Ovskq:~V
ЧĥЦ͗7LN&7ÆϠ#PO,Gʒ̥6kq̩͝ʳģSȜȶ
&O,G~VЧĥЦ͗лƣę3O jSȞ¨$vs
kqЬS˂Ɲ$,kq˵ŇȒлƣęS˷,ʅϑ3:˵ŇȒ
7Ǻπ6ksjw^`i nѼHDCѽ9лƣę3O
-]
sksjѼFMHѽѼ32, 33ѽO:˵˱ѢŽˈʸSΔΒȞ¨$*9 16
ɜзǰ7ѳ-$O:ˈƕS͝ľȞ¨$#M7*9 30Čǰ7kf
O:˵˱ѢŽˈʸSΔΒăȞ¨$,þ29Ȟ¨ʸ:ƞѬ9Ǚ7Ϝμ$
2Ø˷$, 
 
3-2-3ҁksjkqĹ=kqÆϠˤ9˂Ɲ  
ѳ-$O:ˈƕȞ¨ǰ7͝ ɜ̏6ksjO:kqѼHAѽ
ƄĥSʅϑ&O,G7GlowinskiM9ɏʭ7ĕNσǖ¦ТSȯļ$,Ѽ34ѽ
ɍћǰЎI7þΎSȻċ$ʢ¥72σǖ¦ТSčNċ$,σǖ¦ТЪ
ЬS˂ƝǰʸÔ̹͗72ĉ͞$ŎЬ˂ƝɜD3-8072áƙ$,͜Ͳ¬
9kqŎЬS˂Ɲ&O,G7͜ ͲЪЬ9͒ 5åЬ9 0.2 mol/L ЖŽ͗Ч
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4ăТʋˇ 3-skqSýPϳѓʮ72jzXl$ЙǹČы
ǰ¥ʽSȯļ$,*9ǰXbfMMWL10KѼMillipore, MA, USAѽ
72оƆQЖ$*9ЋЖʸSČɶg4$kqˎǙSϊ˂$,
kq9ÆϠˤ3Ovskq702:~VЧĥ
Ц͗Bлƣę3O j 0.50 mmol/kgSM%GΔΒ7Ȟ¨$,¥3
ù4ŉʉ9șј72͜ͲSȯļ$˂ Ɲ$,Ϝμ$,Čɶg 10 µLSѯ
ЎʸÔbxcW 7Û$, 
kq4vskqŎЬ702:_ y^ѼPrepaset 
CA-ODS, 3.0  4mm, Eicom Corp., Kyoto, JapanѽS0,фX]¾ȵ^ 
ѼEicopak SC-5ODS, Eicom Corp.ѽ3Čы$ĠϲʮдS 335 nmαúʮдS 450  
nm7ώƝ$2^kXtscǠ]xqVwyѼOPAѽkx
^αúϗƲÔĥʭ72˂Ɲ$,Ѽ35ѽʴ Ў 0.5 mL/min3̱ģ̗ˈʸ3O
220 mg/L 1-]bqkЧzxYSŎF 0.1 mol/LХЧŽͬεʸ-q
~ ʸѼ91:9, v/vѽSʴЎ 0.1 mL/min3ĺǾʸ3O 80 mg/L OPAL=
40 µL/L 2-^x[q~ SŎF 2ѻѼv/vѽ[q~ ˈʸ4 0.5 mol/L ˒
Ч^YˈʸS 0.1 mL/min3Ø˷$,͜ Ͳ¬9ksjŎЬ702:
kq˂Ɲ˷7Ϝμ$,ČɶgSV~ЧČɶϊ72ϊ˂$,
ѼModel L-8500, Hitachi Co., Tokyo, Japanѽ 
 
3-2-4ҁɎƏˤÔϖϡϓѬ  
 /ʔѠ:ɎƏ9ˤÔSϖϡ&O4ɎƏˤÔSLNƇȰ͘&OͼȄ
O!9γģ˥Ȅƚͼγģ9͐Ď̏˱χ7ʳ˷#PɎƏˤÔϖϡϓѬ4$
